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1 Introduction
Experiments on parity violation in electron seattering measure the asymmetry
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where o1 is the cross section for Right(Left) handed longitudinally polarized electrons. This
asymmetry arises, in first order, from the interference between photon and Z-boson exchange
amplitudes. Experiments make two basic uses of the Z-boson as a probe in electron—quark or
electron-nucleon scattering. Historically the first usage was to test the electroweak theory in
regions of kinematics where the hadronic structure is sufficiently understood. We will discuss
the application of higher energies at Jefferson Lab to repeat the SLAC e-D deep inelastic parity
violation experiment [1] at a level of precision = 0.5% in sin®*fw which would be a useful
constraint on extensions of the Standard Model [2]. The second, more recent usage of the
Z-boson probe is to assume the Standard Model is correct at about the 1% level and use this
as a unique method to address lundamental issues of nucleon structure, such as: 1) Are the
strange quarks an important component of the nucleon [3] 7 2} In deep inelastic scattering,
are the high momentum quarks u or d quarks 7 To address the first question, we will discuss
the feasiblity of extending the HAPPEX experiment to higher @*. For the second question,
we discuss a possible measurement of the ratio of valence quarks £ in the proton using deep
inelastic parity violation.

2 Extension of HAPPEX to Higher @°

The Hall A Proton Parity Violation Experiment (HAPPEX) measures the asymmetry in elastic
electron—proton scattering. This asymmetry may be expressed in terms of the Weinberg angle
sin®fy, Fermi constant G, Sach's form factors, and kinematic factors as follows [4]:
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The expression contains the neutral weak axial form factor G§ which is obtainable by combining
information from neutron beta decay and polarized deep inelastic scattering [5], and which is
auﬂ:lrmd in the formula. The interesting strange form factors Gi and G3; are measured by
AFY,

Figure 1 shows the the range of feasible measurements in the 2-dimensional space of four-
momentum transfer Q? and scattered electron energy E'. The feasibility requirement was a
running time of less than 500 hours, for a 5% statistical error, assuming a polarization of 0.8
and 100uA beam current. The spectrometer angle was assumed to exceed 12.5%, which iz a
constraint in Hall A if both HRS are used. Using HRS spectrometers, a Q% of up to = 1.5GeV*




is reachable. To go higher in Q* would require a larger momentum spectrometer like the HMS,
as well as the energy upgrade. Also shown in figure 1 are possible data that might be obtained,
and comparison to the range of varlation in the asymmetry calculated using five models. The
calculations used values of the strangeness radius parameter p, and magnetic moment i, from
published low-Q? models [6-8] and a dipale form for the E and M form factors which are similar
to their nonstrange counterparts as discussed in [4]. These calculations illustrate the plausible
range in AA/A and suggest that 5% accuracy is a useful goal for each point. These accuracies
are obtained in 250 to 500 hours of running time for the data points shown, where this running
time increases with Q2.
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Figure 1: Asymmetry in Elastic e-P Scattering. Left: The feasible range of <500 hour runs
for a 5% accurate measurement. Right: The deviation in the asymmetry from the case of zero
strangeness. The models A)-D) correspond to parameters from references [6-8]. The possible
data are from runs of 250 to 500 hours, increasing with @*. The points with solid (dashed)
error bars correspond to HRS (HMS). Points on the farthest right in each set require 500 hours.

3 Extraction of d/u Ratio in DIS

With energies in the 8-12 GeV range, a range of deep inelastic scattering is reached, which
we define as Q% > 4GeV?, and invariant mass W > 2GeV, and bounded from abave by the
maximum energy. In the quark-parton model, the asymmetry is given by:
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and where gi(x) are the quark distributions for flavor i as a function of Feynman z, and Q)
is the quark charge, and the constants Cy; and C3; may be written in terms of sin®#w in the
Standard Model.

At = >0.5, this experssion for ALz should be an excellent approximation and serves to
measure the ratio of d to u valence quarks in & unique way. Statistically precise measurments
of the ratio 4 have been obtained from the ratio of cross sections for proton and for deutrium
[10], but this is problematic due to the bound state problem of deuterium, for which the
corrections are comparable to the measurements and somewhat uncertain at high z [11]. Figure
2 shows the range of feasible experiments for DIS in the (Q®, E') plane. In this case, deuterium
was chosen for the calculation, the required accuracy was 3%, running time < 500 hours, the
polarization 0.8 and the beam current 100pA. (For the energy upgraded accelerator, less current
may be available.) From this calculation, we see that a fair amount of the kinematical space
is available using the HMS and SHMS spectrometers in Hall C. Also shown in figure 2 are
some possible measurements from the proton, for about 2 months of ing time, indicating
the discriminating power between the QCD prediction [12] that as x — 1, & — }, versus the
assumption used in most phenomenological fits that £ — 0.
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Figure 2: Deep Inelastic Scattering, Left: The feasible range for e-D scattering requiring a 3%
accuracy in < 500 hours. Right: Possible data on the ratio of d to u valence quark distributions
from DIS proton scattering, for a two month running period. The data at high x allows to
distinguish between the QCD limit [12] and the common assumption that & — 0,




4 Standard Model Test in e-D

For an isocaler target such as deuterium, the above expression for ALY yields a simple result
independent of the quark distributions, involving the constants Cy,,, Cy4, Cay, and Cyy, which
in turn can be written in terms of sin*fw. A measurement from deuterium at £ = 0.5 and
y = 0.5, where the quark-parton model works well, and complications due to sea quarks, higher
twist effects, etc, are minimal, may therefore be a clean test of the Standard Model.

Given the history of precision Standard Model tests, the question arises how such a mea-
surement can compete. As reviewed by Langacker et al [13], low energy tests at a sufficient
level of precision (less than 1% in the Weinberg angle) can provide useful constraints on physics
beyond the Standard Madel. Examples of new physics include extra Z bosons that don't mix
with the known Z, leptoquarks, new heavy fermions, and composite structure of the fermions.
To take one of these examples, a contact interaction between composite electron and quark is
governed by a mass scale A, and measurements of the constants in the e — ¢ Lagrangian, at a
level of precision anticipated by atomic parity violation or possibly e-D DIS, can constrain A
at the =20 TeV mass scale, which is competitive with high energy physics searches.

Count rate estimates were performed for an e-D DIS experiment, assuming a polarization
of 0.8 and 100pA current. The angle was constrained to be > 12.5%, though one may be able
to go more forward, and the properties of the HMS-SHMS pair of spectrometers were used.
The experimental goal was 1% in the asymmetry, which implies & 0.5% accuracy in sin®fy.
The kinematics are Q? = 4GeV?, z = 0.5, and y = 0.45. For incident energy E = 11.8 GeV
{v=0.4), the running time is 400 hours, while for E = 8 GeV (y=0.5), the running time is 1800
hours. At the lower energy, the rates are = 10 kHz per spectrometer, which might be within
reach of DAQ speeds for event counting and would allow for better background rejection. The
required 1% precision in the polarization, and the theoretical control of higher twist effects, are

significant challenges for such a measurement.
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